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ABSTRACT 

■. 

Part 1 of the AH-1G helicopter Phase B test was conducted 
at Ft Hood, Texas, from 3 April 1967 to 21 April 1967 by 
the U. S. Army Aviation Test Activity, Edwards AFB, California. 
The helicopter flying qualities were evaluated throughout 
the aircraft speed range for the Scout and Hog configurations 
at a mid-center-of-gravity location.  Flying qualities were 
also evaluated during weapons firing and external stores 
jettison.  The primary deficiencies detected during this 
test were stability and control augmentation system (SCAS)- 
pylon coupling, inadequate in-ground-effect (IGE) directional 
control power, undue pilot attention required to avoid exceeding 
the torque limits of the helicopter transmission in dives 
and left rolls with fixed collective, and an inadequate, 
illogical fire control system.  Other shortcomings were 
detected, such as airspeed system errors, degradation of 
flying qualities with SCAS off, static lateral cyclic control 
force imbalance, and marginal cockpit ventilation. Helicopter 
reactions to weapons firing and external stores jettison 
were satisfactory, and the contractor approved flight envelope 
for firing and jettison was acceptable. 

v. 



FOREWORD 
During the conduct of the AH-lG helicopter Phase B test at 

Ft Hood, Texas, the helicopter and special instrumentation were 
maintained by Bell Helicopter Company personnel under contract. 
U. S. Army firing ranges, hangar, and office facilities were 
utilized at Ft Hood. Texas. 

vi 
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INTRODUCTION 

BACKGROUND 

1. Phase B engineering flight testing of the AH-1G helicopter 
is planned to be accomplished using several test aircraft, 
during different time periods.  Te-.-ting of stability and 
control characteristics in the Scout and Hog configurations, 
firing of the TAT-102 chin turret and wing mounted armament 
systems and jettison of wing stores were accomplished using 
AH-1G helicopter S/N 66-15246.  This report presents the 
results of those tests.  Stability and control tests in the 
basic configuration will be accomplished using AH-1G helicopter 
S/N 66-15248.  The results of those tests will be presented 
in part 2 of this report under a separate cover.  Firing 
tests of the XM-28 chin turret will be done (following qualification 
of this armament subsystem) using AH-lG helicopter S/N 66- 
15283.  The results of those tests will be presented in parts 
3, 4 and 5 of this report under separate covers.  Performance 
tests will be done using AH-lG helicopter S/N 66-15247.  The 
results of those tests will be presented in part 6 of this 
report under a separate cover. 

TEST OBJECTIVES 

2. The objectives of this test were to provide flight test 
data to: 

a. Verify or modify the contractor proposed flight envelope 
for future service tests, logistical tests and operational 
use. 

b. Define and allow early correction of helicopter deficiencies. 

c. Provide a basis for evaluation of changes incorporated 
to correct deficiencies. 

;■:■■ 
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d.  Estimate the degree to which the helicopter is suitable 
for the intended mission. 

DESCRIPTION 

3.  The test aircraftjserial number 66-15246, was the second 
prototype AH-lG tactical helicopter produced by Bell Helicopter 
Company designed specifically for the combat role.  It is 
a tandem, two-place, high speed conventional helicopter with 
a two-bladed door hinge type main rotor and conventional 

m 
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pusher anti-torque rotor mounted on the left side of the heli- 
copter.  A three-axis stability and control augmentation system 
(SCAS) is used (in lieu of the stabilizer bar) to improve heli- 
copter stability and handling qualities.  The test helicopter is 
powered by a Lycoming T53L-13 turboshaft engine rated at 1400 
shaft horsepower (slip) at sea level (S.L.) standard-day static 
conditions.  The powerplant is derated to 1100 shp at 314 RPM 
rotor speed due to maximum torque limits of the. helicopter main 
transmission.  The distinctive features of the helicopter are 
the narrow fuselage (36 inches), the stub mid-wings with 4 
external stores stations, and the integral chin turret.  The 
armament configurations are changed by varying wing stores.  The 
pilot can fire all weapons in the stowed position.  The copilot/ 
gunner operates the flexible turret and can also fire the wing 
stores in an emergency by use of the pilot override.  The flight 
control system is a positive mechanical type with conventioiial 
helicopter controls in the pilot's aft cockpit.  The copilot/ 
gunner's forward cockpit is provided with sidearm collective and 
cyclic controls.  Control forces are reduced by hydraulic servo 
cylinders connected to the control system mechanical linkage. 

The hydraulic system is powered by dual transmission-driven 
pumps. A synchronized elevator is used to increase static 
longitudinal stability and lengthen center of gravity (C.G.) 
range.  An electrically operated mechanical force trim system 
connected to the cyclic and directional controls is used 
to induce artifical control feel and positive control centering. 
Ausform Armor protection is provided for the crew, engine 
fuel control, and engine compressor section. A complete 
aircraft description is included in references 4 and 9, and 
aircraft dimensions and design information is presented in 
appendix III. 

SCOPE OF TEST 

4.  Part 1 of the AH-1G helicopter Phase B Test was conducted 
at Ft Hood, Texas, and consisted primarily of stability and 
control testing in the Scout and Hog configurations (see 
table 1) and handling qualities evaluations during weapons 
firing and jettison tests. Noise level and vibration surveys 
were also conducted.  Detailed monitorship of the contractor's 
jettison and firing tests by U. S. Army Aviation Test Activity 
(USAAVNTA) personnel greatly reduced the scope of the Army, 
Phase B firing and jettison tests. Since this test by necessity 
preceded the contractor's handling qualities investigation 
in which tail rotor effectiveness will be investigated and 
since the prototype test helicopter was not equipped with 
standard illumination equipment, the tail rotor effectiveness 



test and night flight evaluation included in the Plan of 
Test (reference 8) were deferred to the Phase B test on AH- 
1G helicopter S/N 66-15248.  Thirty flights were flown for 
a total of 46.0 test hours during an elapsed calendar time 
of 18 days.  Tests were conducted with gross weight (G.W.) 
variations of 6804 lb to 9430 lb.  The configurations used- 
are presented in table 1.  The flight restrictions which 
governed these tests were obtained from the contractor and 
are presented in appendix IV. 

Table 1.  Test Configurations. 

Configuration 

.;;; Clean 

Armament Subsystems 

TAT-102A turret 

Basic TAT-IOZA turret, one XM-157 
outboard each wing 

Scout TAT-102A turret, one XM-18 
inboard, one XM-157 outboard 
each wing :; 

Hog TAT-102A turret,  two XM-159 
each wing 

Alternate TAT-102A turret, one XM-;159 
outboard each wing 

?.• 

■:■. 
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The XM-134 minigun 7.62 machine gun is an integral part 
of the TAT-102A turret. 

METHODS OF TESTS 

5.  The methods used in these tests were standard engineering 
flight test methods and are described briefly for each test 
in the Results and Discussion Section of this report. 
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CHRONOLOGY 

6.  The chronology of this test program was as follows: 

Test helicopter received, Ft Worth, Texas    3 April 67 

Flight testing comnienced, Ft Hood, Texas 

Flight testing completed. Ft Hood, Texas 

6 April 67 

21 April 67 

21 April 67 

21 June 67 

February 68 

Test helicopter returned to contractor's 
facility, Ft Worth, Texas 

Draft report submitted 

Final report forwarded 

RESULTS AND DISCUSSION 

PILOT'S PREFLIGHT INSPECTION 

7. The pilot's preflight inspection procedure recommended 
by the contractor appeared to be satisfactory.  The tail 
rotor 90 degree gearbox inspection port was not trans- 
parent, which prevented visual inspection of the gearbox 
fluid levtal.  This condition has been noted on all four 
AH--1G helicopters available for inspection.  It appears 
that th^' plastic window in the inspection port was painted 
over in the manufacturing process, and when the paint 
was removed the transparency of the plastic was destroyed. 
This deficiency must be corrected to allow proper pre- 
flight inspection. 

COCKPIT EVALUATION 

Pilot's Cockpit 

8. Ingress and egress of the pilot's cockpit: was easy 
using the leather handholds and steps that were provided 
on the right side of the aircraft.  Elimination of the 
handholds will make this procedure unacceptable.  In addition, 
a helmet hook within the cockpit for stowing the pilot's 
helmet during entrance and exit is absolutely mandatory 
since no other location is available for the helmet. 

9. The pilot's seat was very comfortable, enhanced the 
mission capability of the aircraft, and should reduce pilot 
fatigue considerably. The Ausform Armored seat was not 
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installed in the test aircraft.  This seat will be evaluated 
on helicopter S/N 66-15248.  Directional control pedals were 
adjustable and appeared to have adequate range of adjustment. 
The adjustment knob should be larger to allow easier operation 
by the pilot.  Seat adjustments appeared to be adequate. 

10. The canopy hatch hold-open and locking mechanism was not 
adequate. Unless undue care is exercised, the canopy hatch 
can fall and cause minor injuries.  Caution must be exercised 
in leaving the canopy hatch open when other helicopters are 
operating close to the aircraft. On several occasions the 
canopy has blown off by rotor wash from other helicopters. 

11. The master caution panel and the chip detector lights 
were mounted on the right side pilot's console.  This lo- 
cation made it difficult to identify illuminated caution 
lights with direct sunlight shining on them through the 
canopy.  The caution panel and chip detector lights should 
be relocated where the glare shield can function to protect 
those critical items from glare. 

i;. 

12.   Instrumentation locations appeared to be adequate.     The 
attitude gyro did not present usable information.     A new 
type attitude gyro  should be provided which presents a true 
picture of the aircraft's  attitude.    Until this  is done 
the aircraft will be unsuitable for prolonged  instrument 
flight.  The ball in the  turn and bank indicator,  on the 
test aircraft, vibrated within the race severely  during 
high speed dives and moved  to the left in the race two ball 
widths and stuck,  although balanced zevo sideslip  flight 
was maintained using  the sideslip indicator with the turn 
needle centered.     This problem should be investigated because 
recurrence without a  sideslip  indicator could result in 
exceeding the helicopter  sideslip limits. 

;• 

: 

13. The primary ultra high frequency (UHF) radio was located 
in the center of the pilot's instrument panel and was easily 
operated with the left hand.  The armament switches that 
are not on the cyclic control and frequently used avionics 
switches should be located so they can be operated with 
the left hand, since removal of the right hand from the 
cyclic control for any length of time is not advisable. 

14. The pilot's armament fire control system is unsatisfactory 
in its present configuration. The two-position ''master- 
armed" switch, when placed in the armed position, does not 
arm any subsystem on the aircraft, yet a light comes on which 
indicates the firing circuits are activated.  This light 
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indicates the TAT-102A turret and the XM-18 minigun pods, 
if installed, are in standby.  To arm the system, the turret 
switch must be positioned to pilot or gunner, and the wing 
stores switch must be positioned to inboard or outboard. 
When turret is selected a blue light comes on to indicate 
that the turret is armed.  When wing stores are selected 
an amber light comes on to indicate wing stores are armed. 
The present two-position master armed switch should be re- 
placed by a three-position lift to operate lever lock switch 
with the following positions: 

a. "Off" - All armament subsystems off. 

b. "Safe" - All armament subsystems placed in a stand- 
by status; power is supplied to the turret to allow system 
check-out but firing circuit is not armed.  Power is sup- 
plied to the wing stations to permit charging of the XM- 
18 batteries, and any armament subsystem installed is activated 
with the exception of its firing circuits. 

c. "Armed" - This switch position arms the firing 
circuit of the turret or wing stores selected by the pilot. 

d. Warning lights - "Safe" - Green light which indicates 
that all systems are placed in standby but firing circuits 
are not activated.  "Armed" - An amber light which indicates 
that all selected armament subsystems firing circuits are 
activated and will fire when the trigger switch is activated. 

e. Turret power switch can be deleted if the above 
switch is installed.  The present turret control switch 
should have only pilot or gunner positions, no "off" posi- 
tion.  The blue light should be retained to show which sta- 
tion has turret control. 

15.  In the present cockpit configuration, wing stores jet- 
tison is accomplished by switches.  If selective jettison 
is required, the spring loaded two-position wing stores 
jettison selector switch is placed in either "inboard" or 
"outboard" position releasing the selected stores.  If salvo 
of all wing stores is desired a guarded switch on the instru- 
ment panel must be activated.  This requires the pilot to 
remove his hands from the controls at a critical time to 
salvo the wing stores.  The wing stores jettison selector 
switch should be replaced by s lift-to-operate, three posi- 
tion switch.  Switch positions should be "inboard", "out- 
board", and "all".  The switch will normally be in the "all" 
position.  This will give the pilot the capability of im- 
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mediate action should salvo jettison be required.  Selective 
jettison may be accomplished in a less urgent situation.  It is 
mandatory that the jettison switch be located on the cyclic 
control stick.  During an emergency situation, the pilot will be 
occupied in controlling the helicopter and can not remove his 
hands from the cyclic.  This requirement seems quite obvious since 
for both the contractor and USAAVNTA jettison tests the system had 
to be modified to allow the stores to be jettisoned by a button on 
the cyclic control stick. 

16. The pilot's cyclic stick grip is the same as that provided 
with the current production UH-1 series aircraft, and is intended 
for production with the A11-1G helicopter.  The pilot's cyclic 
stick employs two unguarded switches to fire the weapons sub- 
systems.  The index finger operated trigger switch is used to fire 
the TAT-102A turret and a thumb operated button is used to fire 
the preselected wing stores.  This is confusing and unnecessarily 
requires the pilot to make the selection twice, once at either the 
turret control panel or wing stores control panel and again at the 
cyclic grip.  The index finger operated trigger switch should be a 
guarded two-position switch which fires the subsystem selected on 
the pilot's armament panel and should be the only firing switch. 
The first position should be low rate if TAT-102A is selected and 
gunner interrupt if wing stores are selected.  The second position 
should be high rate if TAT-102A is selected or wing stores are 
selected.  The thumb operated switch which is presently the force 
trim release on the top left of the cyclic should become the 
jettison switch.  The present wing stores firing button should 
become the force trim release.  This is where the thumb rests 
naturally on the grip, and the force trim release is used con- 
tinuously. 

17. The pilot's armament system sight was not evaluated 
since it was not installed.  Cockpit preflight procedure 
outlined by the contractor was adequate, and starting pro- 
cedure was simple and basically the same as that of the UH-1 
series helicopters. 

Copilot/Gunner's Cockpit Evaluation 

18. Entry and exit techniques from the copilot/gunner's 
station were acceptable, but considerable caution was required. 
The fixed step and handholds were well located, but both 
hands were required.  In the absence of helmet hooks, the 
helmet must be handed in after entry, worn while entering, 
or placed on top of the instrument panel where it would scratch 
the center panel of the canopy and blur the frontal field 
of vision. The center panel of the canopy of the test helicopter 



sustained scratches and marring to the extent that forward 
visibility was restricted.  During ingress and egress of the 
copilot/gunner's cockpit, it was difficult to avoid head con- 
tact with the canopy jettison handle. 

19. The copilot/gunner's cockpit was provided with a stand- 
ard two-position lever-lock switch to select fuel control 
automatic or emergency.  This switch was located on the mis- 
cellaneous control panel on the left side where an entering 
or exiting crew member was required to climb over it.  The 
lift-over-center lever-lock protection feature is unsatisfactory 
for a switch located in this vulnerable position. A protective 
device that will retain the switch in the "auto" position 
under the impact of an inadvertent kick is mandatory. 

20. The rotor speed select (beep) switch was located on the 
left side panel near the collective pitch control.  The beep 
switch could not be reached while making collective pitch 
changes when it was most required.  The beep switch should 
be moved to its proper location on the collective stick. 

21. The turret sight appeared adequate; however, accuracy 
and reliability evaluations were not within the scope of 
this test. When the sight was stowed on the stowing mount 
in the forward right corner of the cockpit, leg and knee 
room was severely restricted.  This made entering and ex- 
iting the cockpit considerably more difficult than when the 
sight was removed.  The azimuth stow locks and stow mount 
lock for the turret sight presently must be identified and 
activated by feel alone.  Stowing the turret sight in flight 
was difficult because of interference with the right leg, 
and because of the location of stow locks. 

22. The nonadjustable armored seat was quite comfortable; 
however, experience has indicated that different thicknesses 
of seat cushions are required for optimum body positioning. 
Changing cushions, along with the adjustable directional 
control pedals, appears to provide an acceptable range of 
positioning adjustment. 

23. The copilot/gunner's flight controls, sidearm cyclic 
and collective, and conventional directional control pedals 
were excellent in concept.  Flight from the front cockpit 
was performed from a hover to V both SAS on and off.  The 
static lateral cyclic control force dissymmetry described 
in paragraph 69 and figure 42 of this report was particularly 
objectionable on the sidearm cyclic of the forward cockpit. 
The steady right force required had to be exerted by the 



extended forearm which proved to be uncomfortable after a 
short period of time.  The hardware to adjust control system 
friction and select force trim on or off was not available 
in the front seat.  These functions were not essential to 
emergency operation which is considered the normal mode for 
use of the copilot/gunner's controls.  Adjustment to full in- 
crease of the cyclic friction in the aft cockpit did not preclude 
forward cockpit control of the aircraft, although control forces 

were uncomfortably high. 

Cockpit Ventilation 

24.  The ventilation system of the test aircraft consisted 
of a flush mounted, adjustable outlet in the right side 
of the instrument panel and deck outlets on each side.  Ram 
air was boosted by an electrically driven blower through 
these outlets. Average ambient temperatures for the test 
program were between 80 degrees - 90 degrees F. With the 
blower on, the helicopter's ventilation system was marginally 
adequate for the mild ambient conditions encountered during 
this test program. Without the blower system, the cock- 
pit conditions rapidly become hot and stifling.  Based on 
experience from the Republic of Vietnam (RVN) it was con- 
cluded that pilot and copilot/gunner fatigue will be greatly 
increased due to an inadequate helicopter ventilation system. 

AIRSPEED CALIBRATION 

| 

■ 

25. Airspeed calibration flights were conducted to deter- 
mine the position error of the test (boom) and ship's stand- 
ard airspeed systems.  A trailing bomb was utilized as an 
airspeed reference up to 107 KIAS.  The indicated airspeeds 
of the test aircraft were compared with the calibrated air- 
speeds from the trailing bomb.  From 90 to 182 KIAS a T- 
28 airplane (pacer aircraft) with a calibrated airspeed 
system was utilized as an airspeed reference.  The indicated 
airspeeds of the test aircraft were compared with the calibrated 
airspeeds of the pacer aircraft.  Calibration of both the 
boom and ship's standard system was conducted in the Basic 
and Hog configurations, in level flight, dive, climb, and 
autorotation.  The test results are presented in figures 
1 and 2. 

, 

26.  The results of the standard system calibration do not 
agree with the airspeed calibration used by the contractor. 
Up to 160 knots indicated airspeed, agreement was within 2- 
1/2 knots.  The difference was in the direction such that 
a "calibrated" airspeed of 180 knots in the contractor's 
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airworthiness qualification test reports was actually 174 
knots.  Provided that the contractor is consistent within his 
own system of airspeed calibration, the results of his airworthiness 
qualification reports should be valid for an adjusted airspeed. 

27. The contractor's proposed indicated limit airspeed of 
180 KIAS was a realistic limit for service use of the heli- 
copter at heavy weight in the Hog configuration, regardless 
of the actual calibrated airspeed.  At 180 KIAS (174 KCAS) 
the helicopter pitch attitude, rate of descent, noise level, 
and vibration level were increasing rapidly.  It is doubtful 
that any actual service limitations will be realized because 
of this airspeed discrepancy, 

STABILITY AND CONTROL 

Static Longitudinal Stability 

28. Static longitudinal stability tests were conducted to 
define the flight control position requirements as a func- 
tion of airspeed and to evaluate the collective-fixed static 
longitudinal stability of the helicopter. At each trim point 
the collective-fixed static longitudinal stability was defined 
by maintaining the collective pitch control fixed at the 
trim condition and recording control position requirements 
at stabilized increased and decreased airspeeds from the 
trim airspeed. Each trim point of a series was flown at 
a constant thrust coefficient (C ). The helicopter was stabilized 
at a trim airspeed and data was recorded to determine the 
control positions.  This data defined the control position 
requirements as a function of airspeed for those trim condi- 
tions tested.  These tests were conducted for three configurations 
and the test results are presented in figures 3 (Hog), 4 
(Scout), and 5 (Clean) of appendix I. 

29. Longitudinal cyclic position requirements were posi- 
tive. Forward cyclic was required to increase airspeed at 
most conditions tested.  Although the static longitudinal 
stability was positive, the gradient at high airspeeds was 
shallow and nominal pilot attention was required to maintain 
a constant airspeed during high speed dives. Any decrease 
in the positive static longitudinal stability gradients at 
high airspeeds would be unacceptable, and an increase in 
the stability gradients at high speeds is recommended.  Figure 
5, appendix I, shows that in the clean configuration at high 
altitude with an aft C.G., longitudinal cyclic gradients 
were neutral at a trim airspeed of 129.5 KCAS.  In all con- 
figurations tested, increased left lateral cyclic was re- 
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quired with increased airspeed. This characteristic was not 
considered objectionable to the pilot. 

Static Lateral-Directional Stability 

30.  The static lateral-directional stability character- 
istics and effective dihedral were determined by stabilizing 
the helicopter at a trim airspeed, in balanced, zero-side- 
slip flight, with collective pitch control fixed.  While 
maintaining a straight flight path over the ground and trim 
airspeed, sideslip angle was increased in increments.  At 
each increment of sideslip, the control positions, heli- 
copter attitudes, and sideslip angle were recorded. The 
test results are presented in figures 6 through 9 of ap- 
pendix I,  For all conditions tested, the static lateral- 
directional stability was positive.  Increasing left side- 
slip required increasing right directional pedal and in- 
creasing left lateral cyclic.  The gradients were essent- 
ially linear on either side of trim.  Effective dihedral 
was positive and strong as evidenced by the increasing cyclic 
control requirement with increasing sideslip angles.  Effective 
dihedral strength increased with increased airspeed. At 
all airspeeds, adequate warning was provided the pilot to 
allow him to easily maintain trimmed flight and execute 
coordinated maneuvers.  The static lateral-directional stability 
characteristics and effective dihedral were satisfactory 
and enhanced the suitability of the AH-1G for its intended 
mission. 

Dynamic Longitudinal Stability 

31.  Tests were conducted to insure that no unsafe dynamic 
stability characteristics existed within the contractor- 
approved flight envelope.  These tests were conducted by 
disturbing the helicopter from trimmed stable flight with 
a one-inch, one-second control pulse simulating a gust input, 
and recording the resulting helicopter motions.  The tests 
were conducted for the Hog configuration with a mid C.G., 
324 rpm, at airspeeds from a hover to limit airspeeds. All 
quantitative tests were done with the SCAS on. 

32.  Longitudinal dynamic stability was excellent at all 
conditions tested. A longitudinal pulse resulted in a rapid 
excursion from trim with the input and a quick restoration 
of trim conditions when the controls were neutralized.  Pitch 
rate was non-oscillatory.  Pitch attitude made one excursion 
in the direction of the input and returned to trim. 

11 
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33. A degree of lateral coupling was evident with longitud- 
inal inputs.  The helicopter would roll right with forward 
inputs and roll left with aft inputs.  Under most condi- 
tions this coupling was not objectionable to the pilot due 
to the damping of the lateral SCAS. 

Dynamic Lateral-Directional Stability 

34. Dynamic lateral-directional stability tests were con- 
ducted to determine the lateral-directional damping and 
dynamic stability characteristics of the helicopter.  Lateral- 
directional damping was defined by establishing trimmed 
zero sideslip flight at a selected airspeed.  Without re- 
trimming, the helicopter was placed in a stabilized sideslip. 
The controls were then released to return to their zero 
sideslip position, and the resulting helicopter motion was 
recorded.  The characteristics of the angle of sideslip 
oscillations were analyzed to determine the dynamic lateral- 
directional damping ratio and damped natural frequency. 

35. Figure 10, appendix I, shows the lateral-directional 
damping ratio as a function of both damped natural frequency 
and calibrated airspeed.  Figure 11, appendix, I, shows 
a time history of one release from sideslip.  Damping ratios 
were approximately 0.2, which is about half that value sug- 
gested by reference 2 as desirable for an armed helicopter. 
Figure 11, appendix I, shows that the yaw SCAS remained 
hardover for the entire maneuver.  The roll SCAS actuator 
was hardover 35 percent of the time.  During the time that 
the SCAS actuators were hardover, the helicopter was es- 
sentially SCAS-off with resulting decreased damping.  The 
damping ratios obtained during these tests were consider- 
ably lower than those obtained in reference 5,  when the 
SCAS configuration was not yet finalized.  The SCAS actuators 
were not instrumented in reference 5, but it is probable 
that the differences in lateral-directional damping were 
due to differences in SCAS characteristics.  It was not 
determined whether the characteristics of the yaw and roll 
SCAS, as shown in figure 11, appendix I, are abnormal or 
representative. Reflection on the method of test has shown 
that the release from a steady state sideslip may not be 
the optimum method of testing for lateral-directional damping 
because the maneuver is initiated from a somewhat abnormal 
condition.  Upon release of the controls, the SCAS actuators 
are essentially null, and both the rate damping loop and 
the pilot control loop demand an initial SCAS travel in 
the same direction, which is a situation not normally en- 
countered in flight.  This will be investigated further 
in later AH-1G Phase B testing. 
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36. The AH-1G exhibited a roll oscillation which was most 
prominent at high power settings.  Figure 36, appendix I, 
illustrates this oscillation.  Under ipost conditions this 
oscillation was sufficiently damped by the roll SCAS not 
to be objectionable.  The period of this oscillation was 
approximately two seconds.  With the SCAS off, this two- 
second period roll oscillation was objectionable, but was 
rot considered hazardous.  This characteristic, perhaps more 
than any other, would limit the SCAS-off mission effectiveness 
of the helicopter.  At high speed, high power conditions, 
the roll oscillation would greatly reduce the effectiveness 
of the helicopter 'as a weapons platform. 

Controllability 

37. Longitudinal controllability was evaluated by analyz- 
ing the helicopter motions following an abrupt longitudinal 
cyclic control displacement.  Figure 16, appendix I, shows 
a typical time history of an aft longitudinal cyclic step 
input.  Longitudinal response characteristics are summarized 
in figure 15, appendix 1. 

■■■.■ 

■.■■■■■ 
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38.  Longitudinal response at the high gross weight condi- 
tions tested during this evaluation was characterized by 
rather high time constants in the transient load factor. 
Time to reach 63 percent maximum load factor was approxi- 
mately 1.5 seconds, while a target maximum time constant 
of 0.3 second has been suggested for this parameter by ref- 
erence 5.  This parameter basically describes the manner 
in which load factor builds following in abrupt longitud- 
inal control input, which in turn affects the degree of pre- 
cision with which the helicopter may be maneuvered.  The 
load factor characteristics showed little or no "overshoot", 
which along with the high time constants indicated that the 
longitudinal SCAS was not ideally tailored in the relationship 
of rate damping and longitudinal quickening for the conditions 
tested.  The pitch rate damping was also greater than optimum. 
Load factor characteristics following a longitudinal input 
showed a degradation compared to the results of previous 
Government tests.  It is not presently known if this degradation 
is due to differences in helicopter configuration and gross 
weight during the tests, or due to internal changes in the 
SCAS.  Longitudinal response tests are scheduled to be completed 
in a configuration similar to that of the original evaluation, 
reference 5, at a later date.  These differences may be resolved 
at that time. 
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39. Lateral controllability was evaluated by analyzing the 
helicopter motions following a rapid lateral cyclic control 
input.  Typical time history records of lateral step inputs 
are presented in figures 18 through 20, and lateral response 
characteristics are summarized in figure 17 of appendix I. 
In general, the lateral response characteristics greatly 
enhanced the suitability of the AH-1G as a weapons platform. 
Following a lateral step input, roll rate would increase 
rapidly and maintain a steady roll rate proportional to lateral 
stick displacement.  This "rate steering" allowed is particu- 
larly important in a situation where weapons subsystems must be 
aimed by pointing the aircraft, 

40. Two aircraft characteristics detracted from the other- 
wise excellent lateral response of the helicopter. The first, 
a left lateral input, resulted in a rapid increase in engine 
output power, which could result in a main transmission over- 
torque at high power settings.  This characteristic is discus- 
sed further in paragraph 48. 

41. The second aircraft characteristic which detracted from 
the lateral handling qualities was that an abrupt lateral in- 
put would excite the pylon motions discussed in paragraph 57. 
Depending upon the condition of the pylon dampers and the 
configuration of the roll SCAS, the pylon motion resulting 
from lateral inputs could range from imperceptible tu ex- 
tremely objectionable.  The pylon motion would manifest it- 
self as a periodic roll oscillation at a frequency of one-half 
cycle per rotor revolution superimposed upon the basic roll 
rate resulting from a lateral input.  Figure 18 illustrates 
this characteristic.  During this Phase B program, the pylon 
motion characteristic became unacceptable on the test aircraft, 
as discussed in paragraph 61, resulting in replacement of 
the pylon dampers.  The pylon motion problems were reduced, 
but not eliminated by the new dampers.  To reduce the pylon 
motion to an acceptable level, the contractor was forced to 
attenuate the roll SCAS damping.  The result may be observed 
by comparing figure 19 to figure 18, appendix I.  Figure 18 
was taken before the pylon dampers were replaced and the 
roll SCAS was attenuated.  The periodic roll oscillation 
was sensed by the SCAS and the SCAS attempted to damp the 
oscillation.  This periodic SCAS input, however, had the 
effect of sustaining the pylon motion rather than damping 
the motion.  Figure 19, taken after the roll SCAS rate damping 
was attenuated, did not exhibit this sustaining tendency. 
The pylon was disturbed initially by the cyclic input, how- 
ever, with its reduced sensitivity, the SCAS did not counter- 
act the motion.  Although attenuating the roll SCAS rate. 
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damping did suppress the self-sustaining pylon motions, 
other effects of this change were undesirable, as discussed 
in paragraph 36. 

42. The test helicopter suffered a lack of m-ground-effeet 
(IGE) directional control power during the conduct of tests 
at high gross weight.  Full left pedal was occasionally 
required to maintain heading in a hover.  During the time 
available for the test, weather conditions did not allow 
a quantitative definition of pedal requirements as function 
of gross weight, density attitude, wind azimuth, and wind 
velocity; however, some qualitiative tests were done.  While 
hovering over a point, at a three to five-foot skid height, 
hovering turns were m-.de attempting to stabilize at heading 
increments. From these tests it was found that the most 
critical wind azimuth for pedal requirements was a left 
quartering tailwind (200 degrees to 260 degrees).  A direct 
right crosswind was the second most critical condition. 

43. During an attempt to define pedal position require- 
ments in right sideward flight, at a gross weight of 9480 
lb and a density altitude of 1800 ft, full pedal was required 
at airspeeds through the range of approximately 15 to 20 
knots true airspeed (KTAS).  The test conditions were not 
sufficiently controlled to define the precise airspeed range 
of inadequate directional control, but there was no question 
that at conditions within the existing flight envelope, 
sufficient IGE directional control power was lacking.  The 
contractor has stated that final tail rotor rigging will 
be determined during t'ae handling qualities tests yet to 
be performed.  Changes made as a result of the contractor's 
handling qualities tests will be evaluated during later 
Phase B testing. 

Maneuvering Stability 

• 

I" 

i 

44.  Tests were conducted to evaluate the maneuvering stability 
characteristics of the helicopter in terms of cyclic control 
stick force and position gradients as a function of load 
factor (g).  Two test methods, wind-up turns and symmetrical 
pull-ups, were used. During the wind-up turns the helicopter 
was stabilized in 1.0 g level flight at a predetermined 
trim airspeed.  Collective pitch control, power, and cyclic 
force trim were held fixed while the load factor was increased 
incrementally by establishing stabilized turns at various 
increasing bank angles, maintaining trim airspeed, and descending. 
Data was recorded during each stabilized bank angle increment. 
Maneuvering stability data was extended to higher load factors 

I 
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using the symmetrical pull-up technique.  In this test the 
helicopter was stabilized in 1.0 g level flight at the desired 
trim airspeed and altitude with all control forces trimmed 
to zero.  While maintaining collective pitch, power, and 
cyclic force trim fixed, a cyclic pull-up was executed to 
gain altitude.  The helicopter was pushed over into a dive 
and allowed to accelerate.  Near trim airspeed, a symmetrical 
pull-up was executed so as to attain trim airspeed, altitude, 
and the desired load factor as the helicopter pitch attitude 
passed through trim.  The results of these tests are pre- 
sented in figure 22, appendix I. 

^5.  For the limited conditions tested, the helicopter possessed 
both positive stick-fixed and stick-free maneuvering stability. 
An increasing aft (pull) stick force and an increasing aft 
stick displacement were required for an increased load factor. 
The longitudinal force gradient wa& due only to the springs 
of the artificial force-feel trim system.  A positive stick- 
fixed (cyclic position) gradient automatically gave a positive 
stick-free (cyclic force) gradient. 

46. During these tests cyclic control feedback was exper- 
ienced during pull-outs.  For the gross weight at which these 
tests were done, approximately 9100 lb, the onset of control 
feedback occurred at approximately 1.7 g's and remained until 
the g level was reduced by releasing the aft force on the 
cyclic.  This phenomenon h i occurred in previous contractor 
tests and was due to the inadequacy of the lock-and-load 
check valves of the hydraulic servo cylinders.  The contractor 
installed six spring-loaded ball check valves in the hydraulic 
system.  This installation appeared to greatly reduce the 
problem, and 2.2 g pull-outs were made without cyclic feedback. 
These check valves are to be incorporated in production aircraft. 

POWER MANAGEMENT 

47. A particularly significant characteristic of the helicopter 
is illustrated in figures 3 and 4, appendix I.  A lower col- 
lective pitch setting was required to maintain military rated 
power in a limit airspeed dive than at power limit level 
flight airspeed.  When a dive was made from maximum cruise 

airspeed, collective had to be lowered or a transmission over- 
torque would occur.  This condition was caused by normal engine 
governor action attempting to maintain rotor speed -as airspeed, 
and thus profile rotor power required was increased in the 
dive.  To avoid transmission overtorque under these conditions, 
either undue pilct attention is required during this maneuver 
or an engine torqae limiter is required.  Due to the mission 
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of this aircraft, tlie amount of pilot ,-U'tention required to 
avoid transmission overtorque is considered unacceptable. 

48.  During flight conditions requiring 1100 shaft horsepower 
(slip), such as a full power climb or level flight at power 
limit airspeed, tne left lateral controllability was limited 
by the main transmission torque limits.  An abruft left lateral 
cyclic input caused the rotor speed to decrease at a constant 
collective pitch setting.  The engine N governor would sense 
the rotor speed decrease and increase the fuel flow and thus 
the engine power.  In order to avoid transmission overtorque 
in service use, eitiier undue pilot attention is required or 
the aircraft must be equipped with a torque limiting device. 
This deficiency should be corrected prior to the helicopter's 

being deployed for operational use. 

EXTERNAL STORES JETTISON 

A9.  Three external stores jettison tests were  conducted, 
in addition to monitoring the contractor's jettison tests, 
to permit the release of a jettison flight envelope for the 
AH-1G helicopter.  The jettison tests accomplished are presented 
in table 2.  Figure 26, appendix I, is a time history record 
of the jettison of dummy loaded XM-18 pods from the helicopter 
in the Scout configuration. 

Table 2.  Jettison Test Conditions, 

£ 

External    Stores Store 
Store      Stations Configuration 

Sideslip 
Airspeed        Angle Flight 

KCAS Degrees      Condition 

XM-18 Inboard Dummy 
(Ballasted  to 
loaded weight 

and CG.) 

191      5       Dive 

XM-159  Inboard     Empty        73      10 

XM-159  Inboard Partial Load     73      10 

Autorotation 

Autorotation 

50.  No stability and control, or aircraft clearance problems 
were encountered during any jettison tests.  During the contractor's 
asymmetric jettison of full XM-159 pods inboard at 130 knots 
indicated airspeed (KIAS) in autorotation, high roll rates 
indicated that asymmetric jettison of loaded XM-159 pods 
outboard could be a problem area.  Until more data is available 
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on this potential problem area, jettison in autorotation 
of loaded XM-159 pods should be restricted to 100 KIAS.  The 
results of the jettisons accomplished during this test coupled 
with the data collected during the USAAVNTA monitorship of 
the.contractor jettison tests provide the basis for recom- 
mending release to the field of the external stores jettison 
flight envelope as presented in table 3.  The AH-1G helicopter 
forced jettison system was efficient, very reliable, and 
is recommended for use on future Array armed aircraft. 

Table 3.  External Stores Jettison Flight Envelope. 

Airspeed - KIAS 

External 
Store 

Store 
Configuration 

Powered 
Flight Autorotation 

XM-157 Full or empty 
Faired or un- 
fair ed 

Hover to V- 70-130 

XM-18 Full or empty Hover to VT 
Li 

70-130 

XM-159 Empty unfaired Hover to V 
Li 

70-130 

XM-159 Full, faired or Hover to VT 70-100 
unfaired 

Note:  External jettisons during uncoordinated flight, 
as much as one ball width out of center on the turn and 
bank indicator, can be satisfactorily accomplished at all 
of the above flight conditions.  Balanced flight (turn 
and bank indicator ball centered) is recommended for all 
jettisons. 

WEAPONS FIRING 

51. Weapons firing tests were conducted to confirm the 
safe flight envelope within which weapon subsystems may 
be fired and to determine the effect of the weapons firing 
upon the helicopter handling qualities. These tests were 
conducted by stabilizing the helicopter at the desired 
flight conditions and operating the weapons system while 
recording the control movements required to maintain a 
constant helicopter attitude.  Tests were conducted for 
the conditions shown in tables 4 and 5.  Time histories 
of weapon firing are illustrated in figures 27 through 
30, appendix I. 
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Table 4.     Turr 
Turret 
Position 
Number Tu 

1 Full 
2 Full 
3 Full 
4 Full 
5 Full 
6 Full 
7 Zero 
8 Zero 
9 Zero 

Turret Positions. 

Turret Position 

up elevation, 90 left azimuth 
up elevation, zero azimuth 
up elevation, 90 right azimuth 
down elevation, 90 right azimuth 
down elevation, zero azimuth 
down elevation, 90 left azimuth 
elevation, 90 left azimuth 
elevation, zero azimuth (Stow) 
elevation, 90 right azimuth 

Table 5. Armament Subsystem Firing Conditions 

Armament 
Subsystem 
Fired 

Turret 
Position 

No. 

Config 
Ref 

Table 1 

Gross 
IV t 
Lb 

C.  G. 
In. 

Air- 
speed 

KCAS burst Time Maneuver 

TAT-1UM 1,3,7, 
8,9 

Basic 756U 
to 

7981) 

194.7 Hover ■1-(i Sec 

TAT-IU.'A 1,M. 
5,8 

Basic 7330 
to 

768Ü 

194.8 175 1-0 Sec 

1AT-102A • Traverse 
on torijet 

Basic 7240 193.7 175 5 Sec Left rolling pullout 
2.16 load factor 

TAT-JOa "Traverse 
on target 

Basic 70S0 193.9 175 5 Sec Rifcht rolling pullout 
2.05 load factor 

XM-18 :;: ,/8 Scout 8910 195.0 Hover 5 Sec 

XM-18 :,-.    8 Scout 8160 194.1 180 5 Sec 

XM-18 8 Scout 8740 193.7 178.5 5.6 Sec Asymmetric Firing (left 
side only) 

XM-157 
■;'   8 

Scout 8900 195.0 Hover 
Full 
Complement 
Ripple 

XM-157 .,,,     8 Scout 8810 195.2 179.S 
fall 
Complement 
Ripple 

XM-15U i   8 Hog 8400 195.1 Hover Full  Inboard 
Ripple 

XM-15a 8 liog 9330 195.2 61.5 Full Outboard 
Kipple 

»1-159 >>'   8 Hog 8490 194.3 118 FuU Inboard 
Ripple 

XM-159 a Hog 7680 194.7 175 Full Outboard 
Ripple 

XM-159 !8 Hog 8690 194.3 171 Full  Inboard li 
Outboard 
Ripple 
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52. At no time during these tests were any weapons firing re- 
actions recorded which adversely affected aircraft stability 
or handling qualities.  Aircraft reactions to firing were in- 
significant.  The physical locations of the wing stores sub- 
systems caused their thrust reactions to result in primarily 
linear accelerations of the aircraft rather than pitching, 
rolling, or yawing moments. At no time were stick margins in- 
adequate or aircraft reactions objectionable due to weapond firing. 
The helicopter appeared to be a good stable weapons platform 
with the SCAS operative. 

THROTTLE CHOP CHARACTERISTICS 

53. Throttle chop tests were conducted to determine the re- 
action of the helicopter to sudden power loss or engine fail- 
ure and to evaluate the recovery techniques recommended by the 
contractor. These tests were conducted by stabilizing the heli- 
copter at the desired trim condition, and then simulating a sud- 
den power loss by rapidly rotating the twist grip to the flight- 
idle position.  The control trim positions were maintained 
until corrective action was considered necessary. These tests 
were conducted in the Hog configuration with an average gross 
weight of approximately 9100 lb at airspeeds up to 181 KCAS. 
Time histories of typical throttle chops are presented in fig- 
ures 31 through 33, appendix 1. 

54. The reaction of the AH-1G helicopter to a power failure at 
high speed, high power conditions was rapid and pronounced, re- 
quiring immediate positive corrective action by the pilot.  Fol- 
lowing a power failure at speeds greater than 130 KCAS, the heli- 
copter immediately pitches, rolls, and yaws.  The angular rates 
generated drive all three SCAS actuators hardover, counteracting 
these rates.  Rotor speed decay rate is high at the high collect- 
ive pitch settings required at these airspeeds. Minimum trans- 
ient rotor speeds observed during these tests were generally 
between 250 and 270 RPM.  In order to maintain flight rotor 
speed and to slow the helicopter to normal autorotation airspeeds, 
a firm cyclic flare must be initiated and held until the heli- 
copter has slowed to approximately 120 KCAS.  The cyclic flare 
must be maintained while the collective is decreased so that the 
rotor remains loaded during the maneuver. Without the positive 
load on the rotor while lowering the collective, very small 
cyclic movements result in very high rotor flapping angles. 
Maintaining the firm cyclic flare a sufficient time for the air- 
speed to decrease to approximately 120 KCAS resulted in rather 
large nose-up pitch attitudes. Figure 33 shows that from an entry 
speed of 181 KCAS, a cyclic flare of between 1.0 and 1.9 g was 
maintained for a period of 8 seconds with a pitch attitude change 
of 27 degrees, 15 degrees nose down to 12 degrees nose up. 
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55. The engine failure recognition and reaction times required 
of the pilot are very short. Maximum delay times for initiation 
of cyclic flare appear to be on the order of .5 to 1.0 second; 
however, this is a difficult parameter to define.  The maximum 
collective delay is a variable depending upon the degree 
of cyclic flare used.  Figure 33, appendix 1, shows a col- 
lective delay of 3.6 seconds with a firm cyclic flare. Two 
considerations favorably influence accepting these short 
cyclic flare time delays.  First the pilot is afforded very 
ample warnings, audible, visual, and kinesthetic, that an 
engine failure has occurred. Second, at the conditions where 
the power failure characteristics are most objectionable, 
high speed and high power, a cyclic flare and decrease in 
airspeed is a rather natural, instinctive reaction. 

56. It is considered that with proper pilot training the 
airspeed envelope of the helicopter need not be restricted. 
However, for the power failure characteristics of the AH- 
1G to be acceptable, proper pilot technique for engine failure 
recovery at high speed must be demonstrated and emphasized 
during transition training.  Appropriate warning must be 
included in the operator's manual along with a discussion 
of recovery techniques. 

SCAS-PYLON COUPLING 

57. Pylon rock is the phenomenon of periodic helicopter 
pylon motion relative to the airframe.  In its self-sustaining 
fully developed state the pylon rock causes the airframe 
to pitch and roll periodically, primarily roll, at 1/2 cyclic 
per rotor revolution or 2.7 cps. This pylon motion is experienced 
in UH-1C and UH-1D helicopters. Pylon motion in "C" and 
"D" models is commonly several short self-damping oscil- 
lations indicative of the state of wear of pylon dampers. 
A pilot's "stick rap" will generally result in a 2 to 5 
cycle oscillation.  The pylon rock phenomenon is a result 
of the "soft" pylon mounting system selected to reduce rotor 
vibration transmitted to the fuselage. With a "hard" pylon, 
rotor vibrations in the fuselage would increase but a tendency 
toward pylon rock would be eliminated. 

• 

58.  The pylon mounting structure of the AH-1G is virtually 
identical to that of the UH-1C, and is subject to the same 
trade-off between rotor vibrations and pylon rock.  The 
trade-off with the AH-lG is more critical for several reasons. 
In order to use the higher speeds of the AH-lG, the rotor 
vibrations must necessarily be highly isolated for the 
helicopter to serve as a satisfactory weapons platform. 
The second compounding problem is that the AH-lG incorporates 

; 
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a stability and control augmentation system (SCAS).  To 
obtain optimum handling qualities, the rate damping loop 
of the SCAS must respond at a required "SCAS Gain" at 
the same frequencies as pylon motion.  That is, in order 
to provide near optimum handling qualities for the helicopter, 
particularly in the roll axis, the SCAS must respond to 
dampen roll rates in the same frequency range as pylon 
motion.  This of necessity leads to a compromise in the 
AH-1G; Optimum handling qualities versus SCAS-coupled 
pylon motion. 

59. When pylon rock develops in an AH-1G due to a worn 
or nonoptimum pylon mounting system, the pylon rock will 
be evidenced in the fuselage as a periodic roll rate oscil- 
lation and possibly a pitch oscillation in more strongly 
developed pylon rock.  The only input to the rate damping 
loop of the SCAS is fuselage angular rate. The SCAS will 
sense the rate caused by pylon rock and will attempt to 
dampen that rate by periodic control inputs through the 
SCAS actuators opposing fuselage rate. Although the SCAS 
may be opposing fuselage rates, the periodic SCAS input 
may tend to aggravate the pylon rock depending upon the 
angular phasing of the pylon-fuselage-SCAS-control response 
loop.  That is, perfect periodic fuselage rate damping 
may damp, sustain, or amplify pylon rock, depending upon 
these phase relationships.  The SCAS gain, or magnitude 
of the fuselage rate damping control input resulting from 
a given fuselage rate, at pylon rock frequency will vary 
the magnitude of the pylon-SCAS coupling. Attenuated 
gain will reduce the coupling at the expense of optimum 
handling qualities. 

60.  To date, the trade-off between optimum handling qualities 
and SCAS-coupled pylon motion has been apparent.  During 
the first Army evaluation (ref. 5), it was understood that 
the final tailoring or optimization of the SCAS had not been 
completed.  The high frequency, pylon rock frequency, SCAS 
gain was attenuated to avoid the possibility of SCAS-coupled 
pylon rock.  Later, a short follow-on evaluation, letter 
report, Aug 67 (Cobra Reevaluation, ref. 6) was conducted. 
The same aircraft following SCAS optimization showed excel- 
lent lateral handling qualities.  During the reevaluation, 
a condition of SCAS reinforced divergent 1/2 per rev oscil- 
lation resulted in a precautionary landing, and test termination. 
The following recommendation was made in the subject reevaluation; 
"Considering the structural implications of this type of 
motion, production aircraft must incorporate design protection 
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that will prevent pylon-SCAS coupling."  This reevaluation fixed 
the SCAS configuration for handling qualities; however, no ade- 
quate design protection against SCAS-pylon coupling was provided. 

61. SCAS-pylon coupling was observed in varying degrees in at 
least three of the four Hueycobras which were adequately instru- 
mented to detect the malfunction.  The corrective measures to date 
have consisted of replacing dampers when there was evidence of 
wear, and of attenuating the high frequency gain of the rate 
damping loop of the SCAS to the optimum level of that particular 
stage of wear.  During the USAAVNTA Phase B tests on Hueycobra \\1 
(USA S/N 615246), pylon motion became objectionable.  The condi- 
tion was self-excited and neutrally damped.  The "production" 
viscous dampers w^re worn and were replaced.  The pylon rock con- 
dition was improved but still present.  The rate damping gain of 
the SCAS roll axis was then attenuated through replacing one re- 
sistor and one capacitor.  This change eliminated the self-sus- 
taining pylon rock.  The oscillation would dampen when excited 
by a gust or stick rap.  Following this change, however, the 
roll oscillation described in paragraph 36 became objectionable. 
Figure 19, appendix I, shows this oscillation following SCAS 
attenuation. 

62. Both before and after the corrective measures, small peri- 
odic longitudinal cyclic control inputs were observed on the 
instrumentation records.  These inadvertant pilot induced oscil- 
lations (PIO) were at pylon rock frequency.  This small P.I.O. 
was observed during flights by a qualified engineering test pilot 
conscious of the problem and attempting to avoid it.  Inadvertant 
P.I.O. was a result of the pylon rock problem, and not the cause. 
The periodic motion of the helicopter around the pilot caused him 
to "close the loop" with longitudinal control input.  At the time 
the P.I.O. was observed, cyclic friction was moderate (greater 
friction than the pilot preferred, and greater than that recom- 
mended by the contractor).  Any recommendation by the contractor 
to fly with increased cyclic friction may, under some circum- 
stances, tend to mask the basic problem at the expense of the 
pilot's preference in control "feel".  Pilot preference in con- 
trol "feel" assumes added significance in mission performance for 
this helicopter where fixed armament subsystems must be aimed 
by helicopter attitude. 

63. To reduce the SCAS-pylon coupling effect and to ensure opti- 
mum flying qualities for the AH-1G during service use, two con- 
ditions must be met.  (1) An optimum pylon mounting system must 
by achieved.  (2)  Final tailoring of the SCAS gain, especially 
in the roll axis, must be determined prior to the helicopter's 
being delivered for operational use. 
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SCAS-OFF QUALITATIVE EVALUATION 

64. Throughout the conduct of the Phase B test, at each con- 
figuration flown the SCAS was periodically turned off.  Although 
the SCAS-off handling qualities deteriorated drastically, 
the helicopter could be flown throughout its flight envelope. 
No limitation of the flight envelope with the SCAS inoperative 
is recommended. Mission continuation/abort decisions in 
the event of SCAS failure must be based on situation; however, 
with SCAS inoperative the AH-lG stability and controllability 
characteristics are markedly degraded. Suitability as a 
weapons platform is greatly reduced. 

65. The roll oscillation described in paragraph 36 became 
very objectionable without SCAS damping The accuracy of 
attitude aimed wing stores is questionabi? primarily due 
to this characteristic.  Roll response deteriorated without 
SCAS so that precise heading changes were difficult to make 
rapidly, with a tendency toward overcontrolling.  Longitudinal 
maneuvering characteristics deteriorated so that accurate 
control of load factor demanded undue pilot attention.  The 
degree to which the SCAS-off handling qualities of the helicopter 
are objectionable is dependent upon air turbulence.  In moderate 
turbulence the effectiveness of the helicopter SCAS off, 
as a weapons platform is doubtful. 

VIBRATION SURVEY 

66. Tests were conducted to determine the vibration charac- 
teristics of the test helicopter and to check compliance 
with deviation 1, page 95, ref 4. Although the required 
data has been collected, they have not yet been reduced or 
analyzed.  Prior to beginning of Phase B testing, it was 
discovered that adequate calibration of the vibration instrumen- 
tation was not possible on available calibration equipment. 
Rather than delay the conduct of this test, the vibration 
instrumentation was installed on the test aircraft.  The 
same instrumentation will be used for later Phase B tests 
and will be calibrated after Phase B testing has been completed. 
At that time an amendment to this report will be published, 

NOISE LEVEL SURVEY 

67. A noise level survey was conducted on the test helicopter 
to measure sound levels near the crew stations.  One flight 
was conducted in conjunction with the vibration survey in 
the alternate configuration.  Noise levels at both crew 
members' heads were recorded at airspeeds between Hover 
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and V  .  No tests were conducted during firinp. or other 
ne 

configurations due to nonavailability of sound measuring 
equiprent.  The test results are presented in figure 37, 
appendix I.  Qualitatively, cockpit noise levels were not 
considered objectionable at either crew member's station. 

SYNCHRONIZED ELEVATOR MOVEMENT 

68.  During the contractor jettison tests, an on-board tail 
camera revealed considerable movement or flutter of the 
synchronized elevator.  Instrumentation was installed to 
determine the nature of this movement.  Figure 38, appendix 
I, shows the measured magnitude of the elevator movement. 
No adjustments of the elevator by the contractor were noted 
during the test program.  The test results indicate that 
the oscillatory elevator movement was primarily at a fre- 
quency of 2 cycles per rotor revolution (10.8 cps) with 
amplitude increasing with airspeed.  No other correlation 
could be found.  The magnitude of the oscillation was characterized 
by a high degree of scatter, but the magnitude of the oscil- 
lation did not appear to vary consistently with gross weight, 
C. G., or helicopter external configuration. No increase 
in magnitude was noted with time; however, this movement 
may possibly result in future structural problems and should 
be eliminated. 

CYCLIC CONTROL SYSTEM STATIC FORCES 

f 

69.  The cyclic control system static forces were measured 
with a hand-held force gage as a function of stick displacement. 
The results are shown in figures 39 through 42, appendix 
I. The lateral cyclic static imbalance noted in reference 
5 was still present.  In order to maintain coordinated flight, 
a constant right lateral force was required. This lateral 
force could not easily be trimmed and was disconcerting.  The 
contractor attempted to correct this problem by installing a 
balancing spring in the control system; however, this change 
was not satisfactory. The static imbalance was particularly 
annoying when flying from the front seat. The location of the 
sidearm cyclic was such that the steady right force had to 
be exerted by the extended forearm.  This force proved to be 
fatiguing to the copilot after a short period of time.  Static 
lateral control force balance is required to improve the op- 
erational suitability of the helicopter. 

i 
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Conclusions 

70.  The following conclusions were reached at the completion 
of Part 1 of the AH-1G Phase B test: 

a. SCAS-pylon coupling is a continuing problem of the 
AH-1G with possible structural implicai-ions (para 57 through 
63). 

b. The flight characteristics of the AH-lG after power 
failure required positive corrective action by the pilot. 
A short recognition and reaction time delay was available 
for these corrective actions (para 54). 

c. Without the SCAS, flight throughout the flight enve- 
lope was possible, but the effectiveness of the helicopter 
as a weapons platform was greatly reduced (para 64 and 65). 

d. The reaction of the helicopter to weapons firing 
was not objectionable  (para 52). 

e. Directional control power was inadequate at some 
conditions within the flight envelope of the helicopter (para 
42 and 43). 

f. Undue pilot attention was required to avoid exceeding 
the torque limits of the helicopter transmission (para 47 
and 48). 

g. The cyclic control system has a lateral force im- 
balance which requires that the pilot maintain a constant 
right force on the cyclic (para 23 and 69). 

h.  The pilot's armament control system was inadequate 
and illogical (para 14). 

i.  Higher static longitudinal cyclic position gradients 
at high speed would improve the mission suitability of the 
aircraft (para 29). 

j.  The airspeed position error as used by the contractor 
is in error, particularly at airspeeds greater than 160 KIAS. 
The actual calibrated airspeed at 180 KIAS is 174 KCAS rather 
than 180 KCAS as claimed.  This error should have little effect 
upon the service use of the helicopter (para 26 and 27). 
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k. The fuel control emergency switch In the copilot/ 
gunner's cockpit was not sufficiently protected (para 19). 

1. The rotor speed selector (beep) switch in the copilot/ 
gunner's cockpit cannot be reached while changing collective 
pitch (para 20). 

m.  The cockpit ventilation system was only marginally 
adequate (para 24). 

n.  The canopy hold-open mechanism for both cockpits 
was inadequate (para 10). 

o.  The pilot's master caution panel was located so that 
direct sunlight made identification of the nature of a warning 
difficult (para 11). 

p. Visual inspection of the oil level in the tail rotor 
gearbox was not possible because the sight gage was not trans- 
parent (para 7). 

q. Helmet hooks were required in both the pilot's and 
copilot/gunner's cockpits (para 8 and 18). 

i 
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Recommendation! 

71. The following recommendations are made to improve the 
AH-1G helicopter for operational use: 

a. Adequate design protection should be provided to 
preclude SCAS-pylon coupling (para 63). 

b. Power failure characteristics must be emphasized 
and demonstrated during pilot transition training. Appropriate 
warning and -xplanatjon of recovery technique must be entered 
in the operator's manual (para 56). 

c. The flight envelope of the helicopter should not 
be restricted followipg a SCAS failure (para 64). 

d. The flight envelope for weapons firing should n»..t 
be restricted due to handling qualities considerations (para 52). 

e. Additional testing should be conducted to determine 
adequacy of directional control power (para 43). 

f. Automatic torque limiting should be provided in order 
to avoid exceeding the torque limit of the main transmission 
(para 47 and 48). 

g. Static balance should be provided for the lateral 
cyclic control system (para 69). 

h. The pilot's armament control system should be redesigned (para 14). 

i. Static longitudinal cyclic position gradients should 
be increased at high speeds (para 29). 

j. The contractor's airworthiness qualification reports 
should be modified to reflect the changes required as a result 
of the airspeed position error discrepancy (para 26). 

k. The fuel control emergency switch in the copilot/gunner's 
cockpit should be adequately guarded (para 19) . 
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1. The rotor speed select (beep) switch in the copilot/ 
gunner's cockpit should be relocated to the collective pitch 
control (para 20). 

m. The coqkpit ventilation system should be improved 
(para 24). 

n. The canopy hold-open mechanism should be improved 
(para 10). 

o. The pilot's master caution panel should be relocated 
or shielded from direct sunlight (para 11). 

p. A transparent inspection port should be provided 
for the tail rotor gearbox (para 7). 

q. Helmet hooks should be provided in all AH-1G aircraft 
(para 8 and 18). 
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APPENDIX TEST INSTRUMENTATION 

m 

AH-1G HELICOPTER 
Serial No,   66-15246 

Flight test instrumentation was installed  in the 
test helicopter by  the  contractor prior  to  the  start  of   this 
evaluation.     This  instrumentation provided data  from the 
pilot's panel,   copilot/gunner's panel,  and oscillograph. 
All instrumentation was  calibrated by the contractor and 
witnessed or approved by  the USAAVNTA flight   test  engineer. 
The flight test instrumentation was maintained by the contractor 
throughout  the test program.     The following parameters were 
included in the instrumentation package: 

PILOT'S  PANEL 

Boom Airspeed 
Boom Altitude 
Exhaust Gas    Temperature  (standard indicator) 
Gas Producer Speed  (standard indicator) 
Rotor Speed 
Collective Stick Position 
Longitudinal Cyclic Position 
Lateral Cyclic Position 
Directional Pedal Position 
Angle of Sideslip 
Center of Gravity Normal Acceleration 

ENGINEER'S PANEL 

i 
Ship's Standard System Airspeed 
Ship's Standard System Altitude 
Rotor Speed (standard indicator) 
Free Air Temperature 
Fuel Totalizer 
Oscillograph Record Counter 

OSCILLOGRAPH 

|i: Control Positions (longitudinal and lateral cyclic, 
collective, and directional pedals) 

Throttle Position 
SCAS Actuator Positions (longitudinal, lateral, and 

directional) 

Attitudes (pitch, roll, and yaw) 
Angular Rate (pitch, roll, and yaw) 
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Center of Gravity Normal Acceleration 
Angle of Sideslip 
Angle of Attack 
Linear Rotor Speed 
Engineer's Event 
Pilot's Event 
Rotor Azimuth 
Vibration Acceleration (pilot's and gunner's longitudinal, 

lateral, and vertical) 
Elevator Angle of Incidence 
Longitudinal Cyclic Stick Force 

V 
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APPENDIX III   AIRCRAFT DIMENSIONS AND 
DESIGN INFORMATION 

OVERALL DIMENSIONS 

Aircraft length (rotors turning) 52 ft 11,65 in. 

Fuselage length 44 ft 5.20 in. 

Maximum fuselage width (including stub wings) 10 ft 11.60 in. 

Maximum fuselage width (without stub wings)   3 ft    0 in. 

Width of skid gear 

Minimum rotor ground clearance (without 
flexure) 

7 ft 0 in. 

7 ft 10.00 in. 

MAIN ROTOR 

Rotor diameter 44 ft    0 in. 

Chord 2 ft 3.00 in. 

Airfoil Symmetrical Special 0009 1/3% 

Twist .455 deg/ft 

Disc Area 1520.4 ft2 

Blade Area 49.5 ft2 per blade 

Solidity ratio 0.0651 

Preconing angle 2.75 deg 

Collective pitch travel 7.29 deg 

Longitudinal cyclic travel +14 deg 

Lateral cyclic travel +10 deg 

AIRCRAFT WEIGHTS 

Empty weight 5516 lb 

Design gross weight 6600 lb 

Maximum gross weight 9500 lb 
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APPENDIX IV 

1. Limit Airspeed (V ): 

AH-IG OPERATING 
LIMITATIONS 

Hog or Alternate Configuration - 180 KCAS below 3000 feet 
density altitude. Decrease 8 KCAS per 1000 feet 
above 3000 feet. 

All Other Configurations - 190 KCAS below 4000 feet density 
altitude. Decrease 8 KCAS per 1000 feet above 4000 feet. 

2. Gross Weight - Center of Gravity Envelopes 

Forward Limit: Below 7000 lbs, Fuselage Station (F.S.) 190. 
Linear decrease from F.S. 190 at 7000 lbs to 
F.S. 192.1 at 9500 lbs. 

Aft Limit: Below 7650 lbs., F.S. 201. Linear decrease from 
F.S. 201 at 7650 lbs to F.S. 200 at 9500 lbs. 

3. Sideslip Limits: 

Five degrees at 190 KCAS. Linear Increase to 20 degrees 
at 60 KCAS. 

4. RPM Limits (steady state): 

Power on - 6600 to 6400 engine RPM 
324 to 314 rotor RPM 

Power off- 304 to 339 rotor RPM 

transient lower limit 250 rotor RPM 
Power on during dives and maneuvers 319 to 324 RPM 

5. Temperature and Pressure Limits: 

Engine oil temperature 
Transmission oil temperature 
Engine oil pressure 
Transmission oil pressure 
Fuel pressure 

6. T53L-13 Engine Limits - Installed: 

930C 
110oC 

25 - 100 psi 
30 - 70 psi 
5-20 psi 

Normal rated (maximum continuous) 
Military rated (30 minute limit) 
Starting and acceleration 

(5 second limit) 
Maximum for starting and acceleration 
Torque pressure 
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ÜEP*0 "•" "" ""F. ARMY 
u.s. ARMY; T ACTIVITY 

Edwards /,-. .-  -      ,.....: _>3523 

SAVTE-AS 4 March .1969 

On 
\ 

SUBJECT:     Change Number 1   to  the USAAVNTA Project No,,   66-06 Final 
Report, 

SEE DISTRIBTUION 

R 
^ 

lo  In accordance with unclassified message 12-1331 from AMSAV-R-FT, 
subject: AH-1G Phase B Test Reports - Control Positions, 13 Decem- 
ber 1968, the following pen and ink changes will be made: 

Engineering Flight Test of the AH-1G Helicopter HUEYCOBRA, 
Phase B, Part 1, January 1968, appendix III (pg 75), 

Was: MAIN ROTOR 

Collective pitch travel 7.29 deg 
Longitudinal cyclic travel ±14   deg 
Lateral cyclic travel ±10   deg 

Now: MAIN ROTOR 

Collective: 
Pitch full travel 11,17 in. 

Stick: 
Longitudinal full travel 9„68 in. 
Lateral full travel 9.49 in. 

TAIL ROTOR 

Directional: 
Pedal full travel 6.69 in. 

2  After the above change has been posted, this letter will be 
filed with Che. subject report. 

FOR THE COMMANDER; 

1 Incl 
Distribution 

GERALD T. YAHIR^T 
CPT, INF 
Acting Adjutant 
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